Management and Effects of Coal Bed
Methane Produced Water in the Western United States known as produced water, is a challenging task. The water varies greatly in both quality and quantity, depending on the geology of the coal basin from which it is extracted, and sometimes requires treatment before disposal or use. A complex regulatory framework underlies the management of produced water, with some states' laws considering the water a waste product of methane extraction, and others considering it a benefi cial byproduct of the extraction process. At present, the management of coal bed methane produced water is driven by consideration of the costs and complex regulations associated with treating and disposing of produced water, rather than by consideration of potential benefi cial uses. Furthermore, there is no national consensus or national regulatory framework on management goals, objectives, or policies for coal bed methane produced water. At the request of Congress, the National Research Council convened a committee of experts to review critical The blue shading represents water that is present in and around the coal deposit. Methane gas (white dots and white shading) is trapped on surfaces in the coal. A submersible pump near the bottom of the well-bore cavity pumps water from the coal deposit to reduce pressure enough to allow methane to fl ow freely up the well bore.
environmental, economic, and regulatory issues associated with extracting and managing coal bed methane produced water in the western states of Colorado, Montana, New Mexico, Utah, North Dakota, and Wyoming (see Figure 2 ).
The Challenge of Coal Bed Methane Produced Water
Produced water from coal beds contains varying amounts of salts and, in some cases, metals, depending on the geology and hydrology of the coal beds and surrounding rocks. Both the quality of the produced water and the amount of water that must be removed to allow methane extraction infl uence the way in which produced water is managed. For example, the fairly shallow coal beds in the Powder River Basin of Wyoming and Montana yield large amounts of low-salt content water that can be treated to meet state regulations before being released into local rivers and streams for disposal, or put to benefi cial uses such as irrigation (see Box 1). Some produced water from the Powder River Basin meets water quality standards for disposal or certain uses without any treatment at all. In contrast, the more deeply buried methane-containing coal beds of New Mexico, Utah, and Colorado yield smaller volumes of generally very saline water. Because it would be expensive to treat such relatively small quantities of this water to meet state regulations for surface disposal or use, and because suitable geologic formations are readily available, produced water extracted from coal bed wells outside of the Powder River Basin is usually reinjected deep into the ground for permanent disposal. Factors such as:
-availability of infrastructure, -cost of treatment and transport of produced water, -quality and quantity of produced water, -age of the water in the coal bed and its connections to other groundwater (see Box 2), and -states' legal consideration of produced water mean that in certain areas it is easier to dispose of the water at least cost than to pursue benefi cial uses, which may also require treatment.
Environmental Impacts
The short-term environmental effects of the extraction of water from coal beds and its eventual disposal, storage, or use are well-documented, localized, and relatively benign, based on environmental monitoring data that are currently available. However, because coal bed methane production is a relatively young industry, further monitoring and analysis of groundwater, surface water, soil, and ecological systems are needed to fully understand the potential for long-term environmental impacts.
To assess potential long-term, pervasive, or regional environmental problems associated with water extracted from coal beds, this report suggests a range of technologies and research approaches, to provide a scientifi c basis for and increase the consistency and sophistication of management of coal bed produced water, including:
• the use of better geochemical fi ngerprinting tools to estimate the age of produced water and to understand the existence and persistence of produced water in surface and groundwater systems (see Box 2);
• increasing the frequency of monitoring before and after production starts to better understand the potential impacts of coal bed methane produced water extraction and management on groundwater, surface water, soil, and ecological systems;
• research on the connections or links between coal bed waters and other groundwater aquifers-underground layers of water-bearing rock-and surface water;
• analysis of the effects of extracting nonrenewable "fossil" water from coal beds; and • studies to evaluate the effects of produced water in indigenous aquatic biological species in the fi eld. Studies from the San Juan Basin that used geochemical techniques to "date" coal bed water indicated that the water is thousands to tens of millions years old. These fi ndings suggest that old or "fossil" water in coal beds accumulates slowly, and once removed may not be replenished for many millions to tens of millions of years, making the water essentially a "nonrenewable" resource. However, scientists don't yet know if all coal beds store water of ancient origins-and more data are needed to determine the age of produced water from other coal bed basins.
Determining the age of coal bed water and its "renewability" can help in understanding the connections or linkages among coal bed waters, other groundwater aquifers, and surface water. Understanding these connections, in turn, is critical to understanding the consequences of the removal of coal bed waters for local groundwater and surface water systems and how produced water can be appropriately managed.
Box 2. Fossil Water Box 1. The Options for Coal Bed Methane Produced Water
Many options exist for the disposal, storage or benefi cial use of coal bed produced water. The options employed vary among coal bed basins, among states sharing the same basin, and within basins in the same state (see Figure 3) . A summary of these options includes: Disposal by Reinjection-Produced water can be reinjected deep underground. This option is often used for the relatively small volumes of very saline water produced from coal bed basins in New Mexico (Raton and San Juan Basins), Colorado (San Juan and Piceance basins), and Utah (Uinta Basin), and generally requires no treatment. Direct Disposal to Waterways-This management option often (but not always) involves treating water to meet federal and state water quality standards before discharge to streams and rivers. This option is the primary management approach used for produced water in the Colorado portion of the Raton Basin and is also used in the Powder River Basin. Storage-Produced water can be stored in constructed ponds or impoundments. These structures include ponds specially designed to allow the water to evaporate, shallow pits that allow the water to seep into the ground beneath the impoundment, and ponds lined with impermeable materials to prevent leakage into groundwater. This option is the primary approach used in the Wyoming portion of the Powder River Basin. Potential Use-Produced water could be put to various uses, including irrigation, drinking water for livestock, industrial applications, wetlands habitat enhancement, groundwater recharge or municipal or domestic purposes. Treatment may be necessary, depending upon initial water quality, to meet different regulatory standards. Currently, benefi cial use applications are only employed for a small proportion of the total volume of coal bed produced water in the West. consideration of the potential benefi cial uses of this resource. Continued research and monitoring to resolve gaps in knowledge of the chemistry and age of the water extracted from coal beds and effects of the water on the environment would permit development of more effective coal bed methane produced water management practices. More effective practices will help to ensure the stewardship of water resources, particularly in the arid West. 
Regulatory Framework
Regulations for leasing and permitting coal bed methane operations on public lands are authorized through the Bureau of Land Management, and those for the protection of surface and groundwater resources are authorized by the U.S. Environmental Protection Agency. Although these federal agencies work in concert with state and tribal authorities to enforce national standards and regulations, the Environmental Protection Agency has delegated responsibility for many permitting and regulatory functions to a number of state agencies and tribes. As a result, many states and tribes oversee the management of produced water in their jurisdiction and have established, through appropriate legal processes, differing standards for the quality of produced water discharged to streams and rivers or used for irrigation or agriculture. In addition, differing state defi nitions of coal bed methane produced water as either a waste product or as a benefi cial byproduct of methane extraction have contributed to differing state approaches to management of the produced water.
